Osteoarthritis (OA) may be initiated by abnormal mechanical loading, which can alter both cartilage metabolism and mechanical behavior [1]. OA of the hip affects approximately 10% of the population [2]. Understanding the causes of hip OA is the first step in developing treatment strategies to delay or reverse disease progression. Surface fibrillation is common in early-stage OA, and may be caused by elevated tensile strains at the articular surface [3]. Cartilage delamination at the subchondral plate is a frequent clinical finding in early-stage OA in the pathomorphologic human hip, and may be caused by elevated shear stress at the osteochondral interface [4]. While clinical observation motivates the evaluation of tensile strain and shear stress at the cartilage surfaces and transchondrally (through the cartilage thickness), appropriate modeling strategies for accurately capturing these variables must be determined prior to their prediction in live subjects. Unlike contact stress and contact area, which can be directly validated [5], confidence in predictions of tensile strain and maximum shear stress relies on evaluating and interpreting the sensitivity to modeling assumptions. Therefore, the objectives of this study were to use a population of validated finite element (FE) models of normal human hips to evaluate the mesh resolution required for accurate predictions of cartilage tensile strain and shear stress, to assess the sensitivity of predictions for cartilage tensile strain and shear stress to the choice of cartilage constitutive assumptions, and to determine the patterns of transchondral stress and strain that occur during activities of daily living.
Figure 1. A -anatomical regions used for analysis. B -converged mesh. C -articular E 1 and D -osteochondral τ max in one specimen.
Generallly, E 1 was largest in the nH model, while τ max was largest in the EFD model.
Results:
Mesh convergence analysis demonstrated that 5 elements through the cartilage thickness was sufficient for predictions of E 1 and τ max (Fig. 1B) . Comparisons of transchondral predictions indicated that models with only 3 elements through the thickness missed some key features of the transchondral gradients, which were captured at all other mesh resolutions. The selected cartilage constitutive model had a pronounced effect on predictions of E 1 at the articular surface and τ max at the osteochondral interface (Fig. 1C, D) . In general, the nH model predicted the largest strains, while the EFD model predicted the largest stresses. In particular, at large values of E 1 , peak E 1 was significantly larger in the nH models than in the other two (AL and SL regions) . Conversely, at large values of τ max , peak τ max ¬ was significantly larger in the EFD models than in the other two (AL, SL and PL regions). The selected cartilage constitutive models also had a pronounced effect on transchondral E 1 and τ max (Fig. 2) . Consistent with acetabular results, peak τ max at the femoral osteochondral interface was larger in the EFD models than in the other two models. These differences persisted partway through the depth of the cartilage. However, at the location on the articular surface corresponding to the osteochondral peak τ max , there were minimal differences between the three models, with a trend towards higher τ max in the nH models. The differences in E 1 at the articular surface tended to persist transchondrally. There were distinct regional variations in articular E 1 and osteochondral τ max (Fig. 3) . Regional variation in E 1 and τ max were evaluated in the EFD model, based on the results between the three constitutive models. Peak τ max at the osteochondral interface and peak E 1 at the articular surface were significantly larger in the AL region than in all other regions. Additional variations occurred between regions (Fig. 3) . 
Discussion:
This study evaluated E 1 and τ max in the human hip, which may be important predictors of the onset and progression of hip OA. Cartilage delamination is frequently observed in patients with hip pathomorphology [4] , so the ability to accurately predict τ max opens the possibility of understanding the causes of delamination. Similarly, surface fibrillation occurs early during the OA process [4], so accurately predicting E 1 allows the possibility of understanding the mechanics that precede OA. The mesh density and constitutive modeling requirements determined in the present study may be used to evaluate these variables in patientspecific FE models. It is informative to contrast the large effects of the constitutive model on FE predictions of transchondral E 1 and τ max in the present study with the minimal effect of the constitutive model on FE predictions of contact stress and contact area on the articular surface in our previous study [5] . Contact stress and contact area are the result of the total load transferred across the cartilage. Under fast loading rates, these variables are largely determined by the support of the fluid phase of cartilage [7] . Conversely, E 1 and τ max represent the deviatoric response of the hydrated tissue under fast loading rates. It is therefore logical that contact stress and contact area are relatively insensitive to cartilage constitutive model, while E 1 and τ max are sensitive to constitutive model.
Significance:
This study determined the appropriate constitutive model and mesh density for predicting transchondral τ max and E 1 in the human hip, thus providing the necessary guidance for future patient-specific predictions of these variables in pathomorphologic hips. Acknowledgments: NIH #R01AR053344 and #R01GM083925. 
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